Background. Subclinical hypothyroidism (sHT) is a condition defined by elevated TSH values with normal levels of free thyroid hormones. Altered metabolic status is one of the consequences of sHT which can affect serum levels of FPG, lipid profile, and nitric oxide which propounds cardiovascular consequences per se. The aim of this study was to determine the possible effects of sHT on nitrite/nitrate levels, as a marker of endothelial performance.
INTRODUCTION
Subclinical hypothyroidism (sHT) is manifested by increased levels of serum TSH despite normal values of free thyroid hormones (fT 3 and fT 4 ) [1] . This condition mostly affects women and is an agedependent disorder [2] resulting in several health complications including: impaired glucose and insulin metabolism [3] , dyslipidemia, and cardiovascular disorders [4] . Insulin resistance and altered peripheral glucose disposal are the main reverse effects of sHT on carbohydrate metabolism [5] , so that insulin resistance leads to increase in hepatic cholesterol production and also very low density lipoprotein (VLDL) against elevated clearance of high density lipoprotein (HDL) [6] . Hence high levels of TSH and consequent insulin resistance are the underlying risk factors of dyslipidemia in such patients [7] . Dyslipidemia is an almost common problem in sHT which can serve as an accelerator of atherosclerosis in such patients, however it is not still clearly understood that whether the present correlation between sHT and coronary heart diseases (CHD) is due to alterations in serum lipid levels or not [1] . Thyroid hormones (TH) play important roles in lipid metabolism by stimulating the enzymes involved in the mentioned process such as hepatic lipase, lipoprotein lipase, lecithin cholesterol acyltransferase (LCAT), etc. [8, 9] . Therefore it is not surprising that alterations in TH levels may change lipid metabolism. The main manifestations of sHT on lipid profile include elevated levels of total cholesterol (TC), triglyceride (TG), and particularly low density lipoprotein (LDL) [10, 11] , and decrease in high density lipoprotein (HDL) [6, 12] . There are studies reporting the normalization of LDL levels in hypothyroid patients after hormones replacement therapy [13] .
On the other hand, it has been proven that vascular stiffness [14] and endothelial dysfunction plays a major role in the pathogenesis of CHD which could be the secondary complication of change in lipid profile or inflammation and oxidative stress [15] . Alteration of arterial wall elasticity is seen before and also during the initiation steps of atherosclerosis [14] and all of atherosclerotic risk factors are highly correlated with endothelial dysfunction [16] . Nitric oxide (NO) is a high reacting molecule that is produced through the enzymatic conversion of L-arginine to L-citruline by a family of enzymes named nitric oxide synthase (NOS) [17] and the production of NO is one of the main approaches of a healthy endothelium to reach the normal vascular function and integrity so that NO obviously acts in tissue responses and adaptations of the blood flow, while hypothyroidism is associated with a reduced capacity of endothelium-dependent vasodilation [16] . Hence, hypothyroid state can result in bradycardia, low cardiac output, and raised peripheral resistance through decrease in NO production [18] [19] [20] . Recent studies suggest that serum levels of NO can be a proper indicator of cardiovascular risk and it can be even considered in the dosage definition and introduction of levothyroxine (L-T 4 ) replacement therapy in patients with sHT [15] .
So in this study we aimed to explore the correlation of serum levels of nitrite/nitrate with the components of lipid profile and FPG in sHT women at two times: before and after a two month therapeutic treatment period by using levothyroxine hormone replacement therapy.
MATERIALS AND METHODS
The present study was a case-control study consisting of 25 participants in each group (25 members in case group and 25 members in control group). The measurements of case group were performed two times: before and after a two month period of levothyroxine hormone replacement therapy. All of the participants were female and they were matched according to age. We excluded the subjects having the history of any myocardial infarction (MI), severe renal or hepatic diseases, and also taking any medications except of levothyroxine.
Peripheral venous blood samples were taken from subjects after a 12 hour fasting. For determination of serum levels of fasting blood glucose (FPG), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), commercially available kits and spectrophotometer technique were used. Also, serum levels of nitrite/ nitrate were measured by spectrophotometric kit bought from cibbiotechnology company (cibbiotech, Iran). Measurements were performed in the biochemistry laboratory of metabolic disorders research center of Gorgan Faculty of Medicine, Golestan province, Iran. The patients with elevated levels of TSH while having normal values for free thyroid hormones (fT 3 and fT 4 ) were diagnosed as subclinical hypothyroid patients, according to the guidelines of American Association of Endocrinologists [21] . Medical histories of patients were used to reach exclusion and inclusion criteria. Weight and height of subjects were measured by anthropometric digital scale and tape meter respectively and body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared.
Statistical analysis
The data analysis was performed using SPSS software version 18 and the descriptive statistics were reported as mean ± standard deviation. For defining the normality of data in each group, Kolmogorov-Smirnov Shapiro-Wilk test was used and in the case of non-parametric variables, 2 independent samples of Mann-Whitney U test were used to compare the means of variables in two groups. The correlation between nitrite/nitrate and the components of lipid profile and also FPG were determined by Spearman's correlation coefficient test the statistical significance was assessed at the level of p-value < 0.05. This study was approved by the regional committee of ethics in research of Golestan University of Medical Sciences.
RESULTS
The demographic and clinical characteristics of all participants are shown in Table 1 . The subjects were matched in case and control groups based on the age to avoid the probable confounding effects of age heterogeneity. There were no significant differences in BMI, total cholesterol, LDL-C, and HDL-C between any of the groups (neither between before and after treatment groups nor between case and control group). But, an obvious decrease in TG levels was observed in after treatment group in comparison to before treatment group (p-value < 0.05), also both of case subgroups (before and after treatment) had higher levels of FPG against control group (p-value < 0.001). However, there was a slight decrease in nitrite/nitrate levels in control group, but it was not significant; so nitrite/nitrate did not reveal any differences among study groups. Spearman's correlation coefficient test showed that the serum levels of nitrite/ nitrate were not correlated with any of measured parameters in before treatment and control group (Table 2) ; but after treatment, a positive correlation has appeared between nitrite/nitrate and LDL-C levels (p-value < 0.05, r = 0.397). In this group, FPG exhibited correlations with TG (p-value = 0.049, r = 0.398) and LDL-C (p-value = 0.047, r = -0.401), and total cholesterol showed positive correlations with LDL-C (p-value < 0.001, r = 0.868) and HDL-C (p-value = 0.041, r = 0.411) as shown in Table 2 . 
DISCUSSION
The results of current study showed that there are no differences in serum levels of nitrite/nitrate between sHT patients before and after levothyroxine hormone replacement therapy and also the control group. Also the correlation was seen only between nitrite/nitrate and LDL levels in the after treatment group. 208 Thyroid hormones are considered to be a cluster of key hormones in the regulation of metabolism and any changes in their levels may result in altered metabolic status. A casual association between sHT and endothelial dysfunction was described through several mechanisms by showing the positive effect of using levothyroxine hormone replacement therapy. Taddei et al. indicated that levothyroxine causes endothelium-dependent vasodilation through increasing nitrite/nitrate availability [1] ; but on the opposite, our results did not reveal this beneficial effect of levothyroxine on nitrite/nitrate levels. The negative influence of hypothyroidism on endothelial dysfunction can be categorized in 5 main mechanisms: 1) Increased arterial stiffness due to diminishing endothelium-derived relaxing factors such as nitrite/nitrate [22] or 2) hypercholesterolemia as Dagre et al. observed these results [14] , but our study did not reveal such results. 3) Decreased arterial distensibility because of hyperhomocysteinemia [23] , 4) Inflammatory and autoimmunity processes [24] , and finally 5) Direct effect of TSH on arterial wall [25] . In most of cases, thyroiditis is concomitant to sHT so the inflammation is possible too and inflammatory states should be considered as underlying causes of endothelial dysfunction [24] .
Dagre et al. showed vascular abnormality in sHT patients expressed by reduction of the reactive hyperemia duration [16] . We could not reach such results when nitrite/nitrate levels were supposed as the indicator of endothelial function. The inefficacy of levothyroxine replacement therapy on mentioned indicators was observed in our study as well as the study of Dagre et al. [16] , while Taddei et al. [1] stated that levothyroxine replacement therapy should be advised in sHT patients not only for management of thyroid status, but also for preventing atherogenesis. Endothelial dysfunction is usually prior to atherosclerosis and it is its initiator in most of cases that is directly correlated to increase in serum lipids under hypothyroid status [26] and nitrite/nitrate which is one of the most important factors of endothelial function directly modulated by thyroid status [5] .
The effects of thyroid hormones on lipid metabolism are well known, so that hypercholesterolemia is one of the most significant consequences of clinical (or overt) hypothyroidism [27] . Overall, thyroid hormones can influence lipids metabolism through contribution in the regulation of: 1) Key components of cholesterol metabolism pathways (HMG-CoA reductase, sterol regulatory element binding protein-2 (SREBP-2), 7-hydroxylase, etc. [28] [29] [30] [31] [32] [33] , 2) Enzymes involved in lipoproteins metabolism (hepatic lipase, lecithin cholesterol acyltransferase (LCAT), etc. [34] . At the genetic level, the expression of LDL receptor diminishes in case of hypothyroidism and therefore the levels of LDL raise due to suppressed Cholesterol absorption. Decreased activity of lipoprotein lipase (LPL) is also the cause of elevated levels of TG and VLDL in such condition [34] .
Various studies have investigated the alterations of lipid profile in sHT patients and showed higher levels of LDL in sHT and hypothyroid patients respectively [12, 35] . Our results did not reveal any significant differences of LDL levels in patients in comparison to control group. Several studies revealed contemporary elevation of TC and LDL [36] [37] [38] , although many studies could not detect any alterations of lipid profile in sHT patients in comparison to control group [39] [40] [41] , exactly similar to our investtigation that we could not demonstrate any differences in lipid profile of sHT and control group. In spite of all that, our study detected significant differences in serum TG levels between before and after treatment groups so that TG levels decreased meaningfully after treatment.
In current study, the levels of FPG were obviously higher in cases (both before and after treatment groups) when compared to controls. Such difference was previously stated by studies that claim that hypothyroidism is related to impairments of glucose and insulin metabolism specially insulin resistance (IR) and subsequent altered peripheral glucose disposal [5-7, 21, 42, 43] . However, many studies relate overt hypothyroidism to IR [20, 43, 6] , but it has less been paid attention in case of subclinical hypothyroidism. The effect of hormone replacement therapy on glucose and insulin metabolism of hypothyroid patients was formerly investigated, but not in the case of sHT; [4] found a high prevalence of IR in hypothyroid patients in comparison to euthyroid controls. The patients had IR even those who were in euthyroid state by assistance of levothyroxine therapy. This observation exactly confirms our findings so that the two month period of levothyroxine therapy could not improve FPG condition in sHT patients of our survey. It should be mentioned that the shortness of therapeutic period in current study may be the cause of insignificant differences of FPG levels in before and after treatment groups. In spite of all that, control group had obvious lower levels of FPG which graces the abnormal glucose metabolism in sHT patients.
The similarity of IR in both clinical and subclinical hypothyroidism refuses the unique role of thyroid hormones per se in the establishment of this pathology and may suggest the alterations in cascades of insulin signaling and molecules phosphorylation patterns (e.g. insulin receptor substrate-1 (IRS-)) resulting in diminished glucose uptake [44] .
The concomitant hypothyroidism and insulin resistance can cause reduction of peripheral and even myocardial blood flow which can finally define the pathogenic effects of insulin resistance [5] [6] [7] . 46% of the case groups were obese according to BMI > 25 kg/m 2 . The BMI was not a meaningful parameter in our study. Finally, it should be emphasized that in the assessment of the efficacy of levothyroxine replacement therapy on sHT patients and to get a highly reliable result, a placebocontrolled group should be enrolled in the study.
The small size of study population, no measurement of insulin level and also the short follow-up period could be mentioned as the limitations of current study. Measuring the levels of insulin also can help to get more meaningful interpretations about the impacts of insulin resistance on this disorder. Our study suggests performing such explorations on larger populations with intensive follow-up to specialize the unique effects of levothyroxine on lipid profile and nitrite/nitrate levels in sHT patients.
CONCLUSION
Our study showed that serum nitrite/nitrate levels and lipid profile components had no differences between sHT patients and the control group while FPG was meaningfully higher in sHT for patients. Levothyroxine therapy could not alter the mentioned variables except for TG which caused to reduce it. Further studies with longer therapeutic periods, larger sample size are needed to define the differences of these factors and the effects of levothyroxine therapy on the mentioned parameters.
